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Introduction
An understanding of the drivers and consequences of variation in reproduction and mortality throughout the life cycle is at the heart of population biology, evolution, ecology, and allied fields (Metcalf & Pavard 2006; Salguero-Gómez & de Kroon 2010; Salguero-Gómez et al. 2015) . Although demography is essential to understand and predict population dynamics, no single repository integrates these data. This is mainly because most biological data sources are scattered and biological data types are heterogeneous (Hoffmann et al. 2014) .
Moreover, demographic data pose challenges for standardization due to the different formats and terminology (Lebreton 2012; Conde et al. unpublished) . This makes it challenging to create a single demographic data repository across multiple species.
However, there are important efforts towards compiling these data such as the Global Population Dynamics Database (GPDD, Inchausti & Halley 2001) and the Living Planet Index (LPI, Collen et al. 2009 ) holding population time-series data, BIDDABA (Lebreton et al. 2012) , and the Primate Life History Database (PLHD, Strier et al. 2010 ) containing demographic information for birds and primates respectively. Although these examples have advanced the field of population biology, they are limited in either demographic detail (GPDD, LPI) or taxonomic scope (BIDDABA, PLHD, WBI).
A mechanistic understanding of how and why populations invade, grow, decline, or go locally extinct, requires data and methods that provide insights into age/size/ontogeny-based structure, such as Matrix Population Models (MPMs hereafter; Caswell 2001) . MPMs have become the staple method describing the structured demography of animal populations. The widespread use of MPMs stems from their well-understood mathematical foundations and tractability (Caswell 2001) , coupled with the clear biological interpretations of the analytical outputs (de Kroon et al. 1986; Silvertown, Franco & Menges 1996; de Kroon, van Groenendael & Ehrén 2000) . Briefly, an MPM divides the life cycle into discrete stages and projects the population through time in terms of probabilities of survival and of transitions among stages, and of the contributions to sexual or clonal reproduction at each stage. The stages of the life cycle can be chosen based on a compromise between the biology of the species and the availability of data, and the projection interval can vary from days (e.g. Buston & García 2007) to years (e.g. Edmunds et al. 2015) , depending on the species and question.
As is the case with plants (Salguero-Gómez et al. 2015) , a large number of MPMs have been published on species in the animal kingdom since the models were introduced in the 1940s (Bernadelli 1941; Leslie 1945) (Figure 1 ). Underlining the general utility of MPMs, these models have been used to address diverse topics including conservation biology (e.g., Crouse, Crowder & Caswell 1987; Jenouvrier et al. 2012) , evolutionary biology (e.g., Kawecki 1995) , ecotoxicology (e.g., Charles et al. 2009 ), invasion biology (e.g., Neubert & Parker 2004) , and resource management (e.g., Salomon et al. 2013) . MPMs have been employed to study species as taxonomically distinct as Caenorhabditis elegans, Loxodonta africana and Homo sapiens, and in geographically diverse regions with studies in every major biome Carnivora. These works illustrate the power of comparative approaches for robust generalizations by relating demographic estimates made from MPMs to interactions with the environment that form the basis for the evolution of life histories. One reason for the lack of comparative studies has historically been the paucity of readily available demographic data, compared to genetic data (e.g. Benson et al. 2013 ).
This changed earlier this year, when Salguero-Gómez and colleagues (2015) released a database on plant demography, COMPADRE. Since its foundation in 1990, COMPADRE has prompted over 35 comparative plant demography studies ranging from senescence (Silvertown, Franco & Perez-Ishiwara 2001) , to short-term population dynamics (Stott, Townley & Hodgson 2011) , to the link between functional traits and demography (Adler et al. 2014 Matrix population models were largely ignored for twenty years after the work of Leslie (1945) . This is partly because Leslie had also helped introduce life table calculations of population growth rate into ecology, and those methods were more computationally feasible in the days before computers (Caswell 2001) 1 .
The rediscovery of MPMs in the 1960s can be credited to three papers (Keyfitz 1964; Lefkovitch 1965; Rogers 1966) . All of these papers focused on animals (yes, humans are animals). Keyfitz (1964) presented MPMs as tools for projecting population growth; his book (Keyfitz 1968 ) influenced a generation of animal ecologists. The first presentations of MPMs had assumed that age was the only i-state variable. Lefkovitch (1965) , based on studies of laboratory populations of stored product insect pests, explicitly proposed stage-classified models based on the stages of the insect life cycle. Rogers (1966) introduced spatial, or multiregional, models for human populations, classifying individuals by age and spatial location, and modelling mortality, fertility, and migration between locations.
Other types of MPMs were introduced in the following years. The first seasonal, periodic MPM appeared in 1964 (Darwin & Williams 1964 ) in a study of seasonal harvesting as a control strategy for rabbits. The first density-dependent models appeared in 1969; Pennycuick et al. (1969) analyzed a population of great 1 A glance at Hutchinson's (1978) population ecology text, based on a course he taught for many years at Yale, will show how influential life table methods were, and how intimately connected the approaches of animal demographers were to those of human demographers. tits (Parus major), based on field data. Rabinovich (1969) comparing several densitydependent models, including a MPM to analyze laboratory populations of a parasitoid wasp. The first stochastic model for an animal population was the analysis by Cohen, Christensen and Goodyear (1983) of recruitment fluctuations in striped bass (Morone saxatilis). Invasion models, using matrix integrodifference equations, were first applied to bird populations by Caswell, Lensink and Neubert (2003) .
Analytical methods have developed in parallel with their applications to animal populations. Many of these are listed in Figure 1 . Some of these developments have provided new ways of constructing models (photo-identification methods, mark-recapture methods, vec-permutation matrix methods). Others have provided ways to extract additional information from the resulting MPM (sensitivity and elasticity analyses; LTRE decomposition analyses; stability and bifurcation analyses for nonlinear models; Markov chain methods for analysis of longevity, heterogeneity, and individual stochasticity; reactivity and amplification analyses). The introduction of new methods is not slowing down; if anything it is accelerating.
The COMADRE Animal Matrix Database was founded at the Max Planck Institute for Demographic Research (MPIDR) by Salguero-Gómez in 2011 ( Figure 1 ), soon after joined by Jones, as well as a core committee, a science committee, and a team of digitizers (Supporting Information Appendix S1). The motivation for the creation of a database containing MPMs for animals was based on the success of its sister database, the COMPADRE Plant Matrix Database (Salguero-Gómez et al. 2015) . Four years after its foundation, the COMADRE digitalization team has digitized, standardized, error-checked and supplemented information contained in over 400 species. As with the commitment for COMPADRE, more data will be released periodically ( Figure 1 ) through the COMADRE online portal (www.comadredb.org).
What is in the COMADRE portal?
The COMADRE portal (www.comadre-db.org) facilitates open access to the R data object that contains the database itself, as well as the COMADRE user's guide. The latter contains details on the organization of the data object, the meaning and possible values for the variables within, and information on error-checks and quality controls. Additionally, Frequently Asked Questions (FAQs) can be found in the online portal (http://www.compadre-db.org/Compadre/Help).
The basic data item in COMADRE is the population projection matrix. A basic (i.e., linear and time-invariant) MPM can be written
where n is a vector giving the abundance of a set of age/size/ontogenetic classes and A is a population projection matrix. The structure of the projection matrix A depends on the choice of life cycle stages and the projection interval.
In COMADRE, the projection matrix is decomposed as
where U is the matrix describing transitions and survival of extant individuals, and F and C are the matrices describing production of new individuals by sexual and clonal reproduction, respectively. Some studies do not measure reproduction, reporting only the transition matrix U. In these cases, this is reflected in the variable MatrixFec (see Table 1 and COMADRE User's Guide for details). The column sums of U give the survival probabilities of the stages, and thus should not exceed 1. Some studies report U matrices whose column sums do exceed 1; these are noted in the database (variable SurvivalIssue in Table 1 ) and must be treated with caution.
The simple model (1) can be extended in several ways. Seasonal MPMs divide the year into seasons (not necessarily of the same length) and report a projection matrix A i for season i; the database entries for such seasonal models report all of the seasonal matrices. Stochastic, density-dependent, and environmentdependent MPMs are increasingly common in animal studies. In such cases, the MPM can be written
n(t+1) = A[t, n(t), E(t)] n(t) eqn 3
where E(t) is some measure of environmental conditions. Such a model is associated not with a single projection matrix, but with a function that, given a time and/or environment and/or population vector, returns a projection matrix. Because such functions require a different data structure, such MPMs are not included in COMADRE 1.0.0, but we will include them in future versions.
Associated with the projection matrices is a rich set of descriptive information and metadata; thus the R object COMADRE_v. In some cases, the original data source provided information that allowed us to split the full life-cycle matrix (matA) into survival-dependent processes (matU), sexual reproduction (matF), and clonal reproduction, (matC) as described in equation (2) 
COMADRE and COMPADRE: similarities
The core data in both COMADRE and COMPADRE are the population projection matrices that make up MPMs. A comparison of Table 1 in this manuscript and Table   1 in the introduction to COMPADRE (Salguero-Gómez et al. 2015) reveals a number of similarities. Moreover, the data quality controls are the same for COMADRE and for COMPADRE. These were detailed in an earlier publication (Salguero-Gómez et al. 2015) . Due to its importance, however, we emphasize the variable SurvivalIssue (Table 1 ). The stage-specific survival of any column sums of matU must be a value between 0 and 1. Values greater than 1 render most analyses of survival and longevity impossible. When probabilities exceeded the error margin for rounding error and were considerably greater than 1, authors were contacted for clarification.
In some cases (<13% of MPMs with this issue), these personal communications have resulted in amendments from the originally published matrices, or in the reassignment of proportions of each matrix element in matA to the submatrices matU, matF and matC (Table 1) . MPMs with this concern are periodically checked and, when necessary, additional clarification is requested from the authors and stored in the variable "Observation" (Table 1) . Currently, only 1.2% of the MPMs (19 out of the 1,575) in version 1.0.0 have at least one life stage with survival >1.
COMADRE and COMPADRE: differences
In spite of the similarities, animals pose some important differences that cannot be fully accommodated by the database framework of COMPADRE. The following there are key differences between the two databases:
- Most studies in COMADRE are of natural populations in the wild (87%, Figure   3 .B), and under unmanipulated conditions (80%; Figure 3 .C). Most of the demographic studies in COMADRE are based on females only (68%; Figure 3 .D); this is common practice in animal demographic studies (particularly in mammals), since quantifying reproduction is usually easier in females than in males. We have noted, in the variable "Observations" (Table 1 #52 ), when the primary sex ratio was stated by the author as differing from 1:1 (female:male). For the vast majority of matrices (97%; Figure 3 .E), we have successfully split the full matrix A into its subcomponents of survival (U), sexual reproduction (F) and clonal reproduction (C), and only 4% of the MPMs do not incorporate reproductive information (Figure 3 .F).
Scope and coverage of COMADRE
The insects thanks to their clearly structured population dynamics (Lefkovitch 1965; Rabinovich 1969) . Aside from bony fish (Actinopterygii), we also lack significant amounts of demographic information on marine organisms in COMADRE, including corals (5.5%), bivalves (1.33%), sponges (0.8%), sea urchins ( Keyfitz and Flieger (1968) , which covers populations from 156 countries. We note that analyses of spatial and other kinds of variability in animal population studies are becoming more sophisticated due to the use of model selection methods to explicitly include environmental variables (e.g., Thomson, Cooch & Conroy 2009 ), and the concept of "spatial replication" used in plant studies may acquire a different meaning to that used in most animal studies.
Unlocking global analyses
"I'm not interested in your data; I'm interested in merging your data with other data.
Your data will never be as exciting as what I can merge it with"
Tim Berners-Lee
The scientific promise of the COMADRE Animal Matrix Database does not reside exclusively in its hundreds of MPMs, but also in the many outputs that can be derived from them, and the possibility to put them in a broader spatial, ecological and 
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MatrixCriteriaAge
Whether some aspect of developmental stage of the species was used to construct the MPM (e.g. 0, 1, 2 years old) Location ¤ 28. MatrixPopulation Name(s) of populations from which the MPM was constructed. When no population name is provided in the source, the name of closest geographic landmark or letters in alphabetical (e.g. "A", "B", "C"…) or numerical order (e.g. "1", "2", "3"…) are used (2001), where the study took place. When the study is undertaken in its majority under controlled, indoor conditions (e.g. laboratory, greenhouse), this is noted as "LAB"
Details of matrix population Model ¤ 41. StudiedSex Sex(es) considered to construct the MPM (Figure 3 .B)
MatrixComposite
MPMs were differentiated between matrices that correspond to a given single population, single treatment and single annual period ("Individual"; Figure 3 .A), to a single population, treatment and intra-annual period ("Seasonal"), to a MPM that is the result of element-by-element arithmetic mean ("Mean"), or where the individuallevel data were pooled to construct a MPM over various periods, populations and/or treatments ("Pooled"). We must note that by default we calculated the mean MPM when all individual MPMs in the study were made available. The pooled and mean matrices for all the individual, unmanipulated (see MatrixTreatment) MPMs coincide when the sample sizes and stage distributions at time t are the same across all the individual MPMs. Mean MPMs were only calculated by us for unmanipulated individual matrices below
MatrixTreatment
Treatment under which the demographic data used to parameterize the specific MPM was exerted. We specified "Unmanipulated" as those matrices where no human-led experimentation was carried out (Figure 3 .F). Users are encouraged to carefully examine variable MatrixObservation (below) for additional pertinent information 33
Captivity
Whether the study species was in its wild setting, or under control conditions (e.g. greenhouse, botanical garden) for most of the demographic data that was collected (Figure 3. 
MatrixSplit
To facilitate the calculation of various demographic properties (e.g. life expectancy η e , mean age at first reproduction L α , vital rate sensitivities, etc), the MPM A (matA, below) has been split into survival (matU), sexual (matF), and clonal reproduction (matC) submatrices when sufficient information was provided in the source. In 2.9% of the cases, insufficient information led to us not been able to split A into U, F and C. This matrix is referred to as Indivisible (Figure 3 .C)
MatrixFec
In some instances the sexual reproductive component of the life cycle of the organism (see matF below) is not modelled either because it is not of interest to the researcher or because of logistical complications in doing so
Observation
Relevant observation that the user should have in mind when analyzing and interpreting the MPMs. In the present version, >50% of the matrices made available in this version have observations. Observations include, for instance, warnings about the description by the author of an "Unmanipulated" population that some researchers may wish to treat as a treatment (e.g. natural fires), among others 53. (Morris & Doak 2002) summarizing and stimulating applications of MPMs to conservation, (t) first application of matrix integro-difference equations to examine invasion speeds in animal populations (Caswell, Lensink & Neubert 2003) , (u) first investigation of nonequillibrium properties, such as reactivity, for MPMs (Caswell & Neubert 2005) Year of publication Cummulative # studies 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 
